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DIVIDING STRAIT. LINES 
E P + 1 0 0 N 
| MATHEMATICAL INSTRUMENTS. 


RAE having evinced the great utility of the 
engine for graduating circles, it encouraged me to attempt 
a ſimilar method, whereby lines of equal parts, fines, tangents, 
1 &c. might be divided with equal eaſe amd correctneſs. 


By the engine hereafter deſcribed, any line of equal parts, &c. 
may be divided without an error of the th part of an inch; 

and, as this can be done by any indifferent perſon, and ſo very x 

expeditiouſly, its uſes for dividing all ſorts of navigation ſcales, 
ſectors, &c. muſt be obvious, eſpecially when it is conſidered 
that from the incorrectneſs of the preſent method of dividing, | 
theſe valuable * are of leſs uſe than they might be. 


This engine exiſts of a ſtrong plate of braſs, moveable on 
two edges of an iron frame. To facilitate its motion, the friction 
is conſiderably diminiſhed by the application of three rollers to 
the under-fide of the plate; the iron frame is N on a 


: — N ſtind, _ | 
A 2 One 


- DESCRIPTION | or AN ; ENGINE. ron 


One edge of the. braſs. laws 18 ratched or cut 16805 a. * 
Which there are exactly twenty in an inch, and it is moved 
along the iron, frame by an endleſs ſerew, having exactly ho 
ſame number of threads in an inch; theſe threads fit into the 
teeth on the braſs plate. Each revolution of the endleſs ſcrew 
round its axis will move che plate t :- of an inch along the iron 
frame. Vͤ 


i y : 


A ſmall wheel i 1s fixed. on one end of the ferew, having] its cir- 

cumference divided into 50 parts, which are again ſub-divided 

into five parts by a vernier ; therefore, when the ſcrew is turned 

' | on its axis one of the primary diviſions, the plate will be moved 

1 Sh 1 f an inch along the iron frame; if the ſcrew be turned 

to the coincidence of one diviſion on the vernier, the plate will 

1 be moved ,,; of an inch, and ſo of the reſt: and the line on 

; 5 the plate to be divided, which terminates the ſpaces moved by the 

"ER To braſs plate, may be drawn on it, or on any Anftrurneng faſtened 
+ "75 "2 24900 hs Plate, with. the greateſt accuracy, by a point or tracer. 5 


| fixed in a proper frame, whereby it has a reckilinear motion, 
1 without any lateral ſhake. | a 


eee it der be W "Fi to lay down lines on inſtruments | 
which are not commenſurable with Engliſh inches; 3 ſuch as are 
the feet, inches, &c. of moſt other countries: this is done by 
inclining the line to be divided to make an angle with the 
direction of motion of the plate, by an apparatus to be deſcribed 
hereafter ; if the tracer. be ſet to. draw lines at right angles to the 
direction of motion, or to the ſide of the plate, then the line to 
be divided will be as much longer than the {pace | the plate has 
moved, as the ſecant of the angle of inclination: is longer than 
the radius: but if the tracer be ſet to draw lines at right angles to 
WEE SS the line to be divided, then diviſions on that line will be ſhorter 


| than 


— 


„ ow RAI a LIN E, 80025 EG 


Wow the FE the plate has moved ang. the iron 1 as 


much as the co- ſine of the NE of inclination | is ſhorter than 
1 ractus. VT | 


Big) 1. e a plan of be de engine. 

Fitz. * an elevation. 17 | 
"Fig. 3˙ 4 ſection on the line AB. And, | 
Fig. 4. 4 ſection on the line . 8 


Fig. 5 the underſide of the plate A repreſented in bg, the iſt, 


Ml Likes parts are matked with che ſame letter i in x each of | 
the figures.] 115 
"A lakes a 6 braſs pats} ee e Abe W 
four inches broad, and , inch thick; worked exceedingly flat, 
and of the ſame chiekneſs Kirvughonity- with its two edges © ex- 
1 e EE 5 Is 


B a 1 iron = Wk: 1 Inches long; having 

two edges (a and b) riſing half an inch above its ſurface ; theſe 

two edges are made very ſtraight, and in the ſame plane; the 
inſide of iy: edge * is allo made as nc as W | 


The te A ſlides on 1685 two . of thei iron frame; beneath | 

it are two ſprings (cc) each faſtened at the extreme ends to the 
plate A, by the ſcrews D; at the other end of each ſpring i is 

a roller (e) of tempered ſteel, turning on an axis in theſe ſprings; 
there is alſo a third roller (d) of tempered ſteel, let into the iron 
frame near where the threads of the endleſs ſcrew act - this roller 
hath a long axis, one end turning in the iron frame at (g) and 

the other in the lever (h); this lever turns on a center at (i) Fi 
and with it the roller (d) may be raiſed, or depreſſed, by turn- 
: REN, | : 4, ws 
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8 DESCRIPTION e AN ENGINE 1 ror 1 


1 1 "os 1 erden head rewe "OE which. 49 on a « frog 


The uſe if theſe e is ah diminiſh the friftion @ the 

plate A when moving on the iron frame B; for chis purpoſe the 

. ſtrength of the ſprings is regulated by turning the two ſcrews: 

i L 5 (n n) and of the roller (d) by. the capſtan | head. ſcrew (o) till 

= © the weight of the plas A be very nearly- 0 on | theſe 
roles. . | e | ; 
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— 
An 
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OC is the endleſs ſcrew, de 1s of ae 3 and 58 its 
pivots formed in the ſhape of two fruſtums of cones Joining each 
other at their ſmaller end by a cylinder, as ſhewn in the de- 

_ ſcription of the circular engine, page Sch, vid. Fig. 5, plate the 
3d of that work. Theſe pivots turn in half holes of the ſame 

Fig. ad. form in the pieces of braſs D D, which are firmly ſcrewed to the 
iron frame ; the half holes are kept together by the ſcrews (mm) 

which may be tightened at any time to n the endleſs 


ſcrew on ng: „„ ll ve pes Tv 
1 | On one end of the ſcrew arbor is a wheel (h) having its ei- 
1 cumference divided 1 into 5o parts, and numbered at every tent! 
A diviſion with 1, 2, to 5; and theſe diviſions are again ſub-di= | 
j Fig. it, vided into five parts by the vernier "00: ef 


Fig. 5th. G G repreſents two nal 4 ſteel, each of theſe frames tun 
: on centers (k) faſtened to the under- ſide of the plate A, and 
equi- diſtant from the edge of it. In each frame is a roller (of 
tempered ſteel, turned very concentric to their pivots, and ex- 
actly of the ſame diameter. The frames G G are connected to- 
gether by the braſs plate E, which turns on a ſtud in each 
e ; the ſtuds mu be at equal 9 from the centers 009 
on 


| | Drwins | 8 1 RAI ＋ L1 N 'D 9. 135 1 e 
on which che 8 turn, and the cites between ben holes 10 1 


the plate E in which the ſtuds act, muſt be the ſame with the 


diſtance between the centers (x) ſo that the plate E may always . 1 


move parallel to itſelf, and that the circumference of the rollers 
may be always equi · diſtant from that edge of the plate A which 
is intended to be ratched. This apparatus ſerves to preſs the 


edge of the plate A with a motion parallel to itſelf, e the | 


threads of the endleſs ſcrew. | 


On the ea ofthe plate 1 ſpring of tempered ſteel, which 
acts as a bent lever. The ſpring end of this lever has a ketch 
which paſſes under the head of the ſtud (1) that is on the end 
of the connecting piece E. While the other end of the lever is 
preſſed gradually down towards the plate A, by turning the 

finger ſcrew F, the connecting piece E is drawn forward, ſo that 


Fig. . 
ng iſt. 


the ſteel rollers preſſing againſt the edge (a) of the iron frame, 


may force the fide of the plate againſt the endleſs ſcrew. 


Then having two ſcrews of tempered ſteel exactly of the 


fame diameter, and number of threads, viz. twenty in an inch, 


one of theſe ſcrews was notched croſs the threads, ſo as to cut 


in the manner of a ſaw; this ſcrew was put in the half holes in 
the pieces DD: on the oppoſite end of the ſcrew arbor to that 
whereon the wheel is, there is attached a long rod, of ſuch 
length, that the winch on the end of it by which the rod and 


Fi 18 · 2d. 


e ſcrew. are ne nd. may be clear of the iron frame. 


2 is a adermws ſlip of Late” having its edges exactly parallel, 
which is ſerved on the plate A, and e - 


The * of this ſlip is . to the e fe. the plate A; 
a. diſtance of 2 56 inches was ſet off on a line on the ſlip parallel 
to 


Fig. it. 


DESCRIPTION: or Ax ENGINE' ro 


to its edge; + this. diftatice | was bileQed continually, till the” * 
diſtance berween each biſeQtion was 1 of an inch, * 7 


J ** 


- >. 1 1 
+; 5h = . : 
n 4 Jax bd . 
- 8 28 / 


K braſs cock! was fiſtetied to the iton frame, Which 0 eng 42 
over the endleſs ſcrew, applied itſelf to the flip on the bras 
plate A, a ſmall filver wire was ſtretched acroſs a hole of half an 
inch diameter in the end of the cock. The coincidence of the 


biſections with this wire was examined, by a fmall maghifier i in 
A braſs tube fixed rl He over . 


* 


> * . 
I ; "ITS 2: + 8 88 F 
17 ? *" a3 : { - 7 p : oo LS < : * ? 


The plate A being on e iron halts, the bile&tich marked 
(1) towards the right hand was ſet to coincide with the wire, 


CE! and the diviſion numbered 5̊;0 on the hs was fer to "the firſt | 
diviſion on EN nonius. ; 


S+ 
# 


£ n 


The 8 A was then prefſed a5 0 the a E by 
; turning the finger ſcrew F; then, by means of the winch, the 
engleſs ſcrew was turned towards the left ſixteen revolutions, till 
the biſection marked (o) was brought to the wire; this done the 
plate was detached from the endleſs ſcrew, by unturning the finger 
ſcrew F, and the diviſion numbered 2 was ſet to coincide with the 
wire, the diviſion 50 on the wheel being previouſly ſet to its index; 
and the edge of the plate was preſſed againſt the ſcrew-by turning 
the finger ſcrew F; then by means of the winch the endleſs 
ſcrew was again turned round its axis 16 revolutions towards the 
left hand, till the biſection (1 r) was brought to coincide with 
the wire; the plate was again detached as before, and che 
biſection marked (3) was ſet to coincide with the wire, and 
in this manner the edge of the plate was ratched from end to 
end three or four times, till the threads had made a good im- 
preſſion, which afterwards was s ratehed from end to end without 


95% Ley e ever 


- Divivino! TY RAtT in; 1 _ $7 


ever 8 the mr mo the foros tilFthe tech were 
"entirely finiſhed. 


* > . 
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then removed, and the plane ſcrew was put in its place; having 
the divided wheel on one end of the ſcrew arbor, and two ſets 


of ratchet wheels on the other end. Theſe ſets are each com- 


| poſed of three wheels, having teeth round their circumference; 
one in each ſet hath 3a teeth, another 48, and the third 50-; 


theſe two ſets being one for turning the ſcrew, and the other for 


ſtopping it, they have for this we their ratchet teeth cut in 
_ dir ections. 500 


5 nd a 5 405 of Kits. MIR) on one e two ſteel 


"xivgs (a and b) with their edges that are towards each other 


cut into ratchet teeth; theſe teeth are cut in contrary directions, 
ſo as to fit into each other; on one of theſe rings is an index, 
aud the other hath its teeth numbered with xo, 20, up to 50: 
the other end of the cylinder is made hollow, and contains one 
of the ſets of ratchet wheels. There are two ſlits oppoſite each 
other pierced through the hollowed part of the cylinder W; in 
each of theſe ſlits is a click turning on an axis, and is preſſed 
into the teeth of the ratchet wheel by a ſmall ſpring; the clieks 
may be moved along their axis, ſo as to catch in any one of the 
three ratchet. wheels, and ing be n at thy e 80 
tightening the ſmall-ſcrew- * 


The eolindes I, with he Aicks: Ke. tu urns. on a 1 axis 5 
: firmly attached to the piece K, and in a line with the axis of 
the endleſs: ſerew. Motion is: given to this cylinder round its 
axis by a piece of cat · gut, which hath one end faſtened to the 
; ahm ring ®); 35 nog. the other end, after paſſing, four or, five 


B | times 


Fig. rſt. and 
2d. 


Fig. 4th. 
ihe and | | 


Fi 
"5 245 * 
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times round the cylinder, is faſtened to a treadle, and on prefling 
the treadle downward the clicks (s) catch in the teeth of one of 
| the ratchet-wheels, by which means the cylinder I, together 
with the endleſs ſcrew, are turned round their axis; which moves 
the plate along the iron frame, and at ſame time winds up the 
ſpiral ſpring (u); on releaſing the treadle the ſpring (v) unbends 
Itſelf, the clicks quit the ratchet wheel, and leave the endleſs p 


ſcrew at reſt, while the cylinder I turns in an oppoſite direction. | 
and raiſes the thence to where 1 it was before. * 8 


— 


pig 2d. . vi is a ſmall ſquare bar of ſteel Kuta both its extremi akin cylin- 

4 20 dric ; theſe cylinders move in holes lined with hardened ſteel, 
one in the piece D, and the other in the piece K; this bar carries 
three different pieces which are of tempered ſteel; the middle one 
(t) is made to lie in the interval between the threads of the ſcrew 
cut on the cylinder, and paſſes nearly half round its circumfe- 
rence ; it is kept in the threads by a ſpring (e) which preſſes on 
a piece (q) ſcrewed to the iron frame; this piece being attached 
to the bar (v) by the ſcrew (p) turning the cylinder I on its axis, 
will oY a ede motion to the bar V. | 


Fig. d. The upper eral of 4 piece (f) is frees into a hook, ws 
may be ſet to catch in the teeth of any of the ratchet wheels, 
and then faſtened to the bar (v) by the ſcrew (i); towards the 
other end of the bar is a piece (j) which ſerves to ſtop the cy- 
linder in turning back, ſo as to limit the number of revolutions 

or parts; it is faſtened to any Oy pes on the bar G by. 
the Ewe ſerew we, | 


When the engine is uſed, the treadle is preſſed Sigh, 
| which by means of the cat. gut ſtring turns the cylinder I round 
Fig. h. its axis and the piece (t) moves along the thread, till a ſtud (r) 


e STRAIT. Lines | bes n 


3 de eyknder rkg on tlie top of the curved piece (t) bends Fig. 20. 
the ſpring (e) till that piece reſts on the Piece (9) ; by bending 
this ſpring the ſquare bar is turned a tittle on its axis, and pulls 
the hook (f) into the teeth on the ratehet wheel R. Then 
' releaſing the treadle, the ſpiral ſpring turns back the cylinder, 
till the Piece 0 is 8 2 under the ſtop on the ratchet 


mg (69. 


The parts of a nee are metas by ating the number OE 
required on the ratched ring () to the index on this fixed ring Fig. it, and 
(aa); each of the teeth anſwers to a motion of es of an inch 
of the plate A; and the number of revolutions, each of which 
moves the plate A re inch, is > by Nt hs piece 
0 on the bar. 1 | 


L A the 920 frame in | which the tracer is fixed; this Fig off. and 
frame turns between the conical points of two ſcrews (nn) of Fix. 2d. : 
tempered ſteel, which are ſcrewed in the frame Q; there are 
alfo two ſimilar ſcrews in the fame frame at (n m; the points , Fig. 2d. 
of theſe ſcrews, which are alſo of tempered ſteel, turn in comical 

holes in the piece P; by means of this parallel motion, the trac- Fig. zd. and 
ing point, by which the diviſions are cut, will aways deſeribe bes 
fame line, without any lateral bending ; the tracer is put in the 
hole in the axis (b) and is fixed there by tightening the four ſcrews Pig. vt. 


| 2 which preſſes t the me & en the flat __ of the axis. 


This axis, which hath its OTE d in double cones, 
turns between the half holes at (d) and may be fixed when the 
tracer is ſet to any „ inclination 1 tightening the 
ee G0. e EO Fig rf. and 


i 
* * 
f oy 
B 2 4 ; 
* - 
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. DESCRIPTION, or an ENGINE, &. 


Fig. 6th. I S ĩs a braſs ruler, having its edges very ſtraight and Pralle; it 7 
58 772 hath two thin pieces of ſteel (g) attached to it, which turn on 


joints at (5) exactly equi-diſtant from the edges of the ruler; 75 
the interval between the pieces (gg) is exactly the ſame with the 
width of the ſteel frame L; there are angulat notches on the 
lower edge of the pieces (g) ſimilar and equi- diſtant from their 
centers, ſo that when any two correſponding notches are put on 

* it, and the ſcrews (nn) between the frames Q and L, the ſcrews being 
on that part made cylindric, and both of the ſame diameter, 
then the edge of the ruler will Nac be at wagen e to a 
ot line drawn. by the tracer; eilt n ht; OY FOR 

The ruler S, in 1 manner attached to the cutting frame.” 

may be ſet parallel or to any required inclination . with the 
1 iſt. and edge of the plate A, by turning the handle T, which moves N 
the piece P with the cutting frame and ruler on the center 9 
Fig. 2d. may be fixed there by lk: the nut ©). „ 


„ From a center 0 0 on 505 plate A) are 3 two circular 
7] arcs; the outer one is divided into degrees, aud numbered from 
1 to 9, each degree i is again ſub · divided into fix parts, or every 
ten minutes; the inner circle is divided in the proportion that 
the co-ſines of the angles of inclination with the edge of the 
plate A, bears to the radius, ſuppoſing the radius 19,000, and 
the diviſions are numbered every 1oth with 10, 20'to 140; but 
the uſe of this apparatus —_ be, e better underſtood * an 


example. Wo Mi ov tht dr 
Fig. 1ft- Let it be ng to Guide a _ of 5 jaa of 9.2.59. „into 
OD the ſame number of diviſions, and in the ſame manner as if it 
were 10 inches long. Put the ruler 8 to the cutting frame L, 
aud turn the handle T till the fame edge of the ruler cuts the 
- center 
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center (Y) and the fiſt Aiden n = 0 of the inner rank; then 
ſcrew the inſtrument to be divided firmly on the plate A, fo that 
the line to be divided may be parallel to the edge of the ruler, 
Which may be now removed; when the plate has moved 10 inches 
in its own direction, the whole length of the dirifions © on the BY 
line divided WAL tet i e RS | 


The Deſripion my the Engine for . the Screw of i 
#7 the Dividing Engine. 5 : 


HE Stars of the above deſcribed engine e very i 

much on the correctneſs of the endleſs ſerew, which here | 
is required to have ſome properties that were not abſol ately 
neceſſary in the endleſs ſcrew for the circular engine. In 
that, as there were but a few threads of the endleſs ſcrew engaged 
in the teeth of the Wheel, it only required that thoſe threads 
ſhould have an equal inclination to the axis of the ſcrew ; but in 
this engine, where the whole length of the ſcrew is engaged i in 
the teeth of the moveable plate, it is neceſſary alſo that the di- 
ſtance between the threads ſhould be the ſame. throughout the 
whole length of the ſcrew: 04s is effected b the ſcrew ani 
hereafter deſcribed : . 1 if | l 


Fig. 7. enn toe e þ Wl: 

Fig. 8. The elevation; „ WenR T9 Ig 

Fig. 9. A ſection on the Une: the fame letter refers to the 
Hoy : 5 in each of the REG: | | 


A e a dong decal NO 55 braſs els its e PUR Fig TY an. 0 
ratched by the method deſcribed in page 7th of the Deſcription of © 1 BK! 
the Circulat Engine ; on its center 1s 50 ward, the * B 
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5 DESCRIPTION « or TH ENGINE you 
| by ſour ſerews, a groove — Wee of the 
pulley, perfectly concentric to the plate Aa. 


A Sn a led de ben font U whmigrtn ER PIN 
it reſts; the: upper part of the axis is firmly. ſcrewed, to the, * g 
A, 2 turns in the collar D. 


ae 
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* monty > A 


* 
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N * — 
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Fig. 7th. FE repreſents an endleſs 3 which 1 8 . on its axis, 
moves the plate A round its. center; F a divided circular plate, 
which may be turned. with or without turning the endleſs ſcrew ; 
on the other end of the ſcrew arbor is a wheel (a} having its 
outer edge cut into teeth : Xi is a winch 28 ate the. n 
ferew is turned round. OR. 


big. 5th. Gh. & e e a an bar of feel, which paſſes over the 
9 circular plate A, and is ol ſerewed to the frame at H and. 


K a piece of fel . the fda is 23 to de cut, 
1 its pivots formed in the manner before deſcribed, vid. 
p. 6th; on one end of this ſteel is a wheel IL, having teeth round 
its circumference, which. take into thoſe on the nes, 
the arbor of the endleſs . 


5, and N repreſent two ſtrong pieces of braſs, in which the 
; ſteel whereon the ſcrew is to be eut turns; they are firmly fixed 
to the triangular bar G by tightening the piece! 1 by the ſcrews (0). 


Fig. . Oi is a piece of braſs: which ſlides on the triangular bar Gz its 
two extremities. are made to fit the bar; it ſlides regularly thereon, 
pig 8th, and is prevented from riſing by the two ſpringing pieces (c c); 
Fig. 7th. near one end of the piece O is an angular groove (q) that holds 
the tool by which the threads are cut: as it was neceſſary to cut 
| the ſcrew. after the ſteel was hardened and: * there 
0 Sie DH fore 
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* e 5 * vp AA”. * 5 47 . : l 4 2 A 
n | 2:57 J N , 14 2 1 * _ 1 Aw - 2 
1 *J St "Fg * * £ 8 2 1 D F F K * 27 1 N 4 22 Ko ru \ N 2 
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9 * e Srking * 4 . . 4 0 "*; 7 
ret "=: SCREW: or rar DIVIDING Krems. „ * 12 


fore the tool us yollibed: With a Harnond : the cock (0% Pig. tb: 
| ſerves to faſten the tool, which may be ſet to take proper 

hold. on the ſteel by OY 0 RY ſcrew Oo and is Sama 9 nt 
there by me ſcrew G. ö 


70 make a Giro rl, f it is ; only: required to give 5855 point 
which cuts the'threads an uniform motion parallel to itſelf, and 
to the axis of the intended ſcrew, and that this motion be pro- 
' portioned to the revolution of the intended ſcrew, as the number 
of threads may N . 


To effect this a piece of thin ls ſteel e of the ſame | 
thickneſs throughout, is faſtened to the flide O at (r); the Fig: 2. 
other end of the ſpring is faſtened to the pulley B, in the groove: 
now while the circle A with the pulley is turning round its cen- 
ter, by turning the endleſs ſcrew towards the right hand, the 

ſpring (t) draws the ſlide O with the cutter (q) along the trian- 
gular bar; at the ſame time the ſteel K, whereon the ſcrew is to 
be cut, is turned round its axis by the communication of the 
wheel (a) on the endleſs ſcrew with the wheel L. 


— 


It hath already been mentioned that the ſcrew of the engine 
before deſcribed hath 20 threads in an inch; therefore, if the 
number of teeth on the wheel (a) be to the number on the wheel 
L, as the number of teeth on the wheel A is to the number of 
_ 2oths of an inch round the circumference of the pulley B, allow- 
ing for part of the thickneſs of the ſpring (t) the ſpaces between 
carl 1 the en of oy ſcrew to be cut will be 2oths of an inch. Js 


The 50 of he tha was. ee in this. manner; the 
rs ſcrew being diſengaged from the wheel A, the flide O 
was drawn back till the end of it came nearly to the piece Mz 
ws: endleſs TI was 9 e in the wheel A; then 
7719 | Te TY 1 | 
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£ x B 0 ; . 7% - 2 
8 k wv 5 k 7 
" io two: very Fall dots on the ſlide 0 ſet off *pardHle 
one ſide, and exactly five inches diſtant: from each other, 
| Nide was moved by turning the endleſs ſerew, till one of x * 
dots was biſected by a ſmall filver wire fixed acroſs. 2 hole in 2 
thin piece of braſs attached to the piece N; then the O0 on the 
divided wheel F was ſet to its index without. moving the end- 
leſs ſcrew, and the pulley was reduced, till 600 revolutions f 
hey > 
the endleſs ſcrew-brought the other dot to be exactly biſeRted | 
the fixed wire; theſe biſections were examined 
half an inch focus ſet in a ſmall braſs tube, Which Was fixed 
pendicularly over the We.. 
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